SPECIFICATION 



TITLE OF THE INVENTION 

METHOD OF MANUFACTURING PHOTOMASK 
AND 

METHOD OF MANUFACTURING SEMICONDUCTOR INTEGRATED CIRCUIT 

DEVICE 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a method of 

manufactiiring a photomask and a technique for tnanufacturing a 
semiconductor integrated circuit device. Particularly, the 
present invention relates to a technique effectively 
applicable to a photolithography (hereinafter, referred to as 
lithography) technique, in which a predetermined pattern is 
transferred onto a semiconductor wafer (hereinafter, referred 
to as a wafer) by the exposure using a photomask (hereinafter, 
referred to as a mask) in the manufacturing process of a 
semiconductor integrated circuit device. 

BACKGROUND OF THE INVENTION 

With the increasing demand for further scaling down of 

dimensions and the integration of patterns such as an element 
and circuit wiring, the increase in the mask cost has become a 
problem. This is caused by the various factors as follows: 
since the scaling down of dimensions and the high accuracy are 
required also in mask patterns even under the circumstance 
where the market size of the mask manufacturing field is small 
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and the mask manufacturing is not commercially viable, a 
costly pattern writing apparatus and an inspection apparatus 
are required and the equipment cost and the running cost 
thereof become enormous; it becomes necessary to introduce 
5 novel technologies such as a phase shift technology and an 
optical proximity correction technology; and the defect rate 
of the mask is increased due to the scaling down of the 
pattern. With the improvement in the performance of the 
O semiconductor integrated circuit device, the total number of 

Q 

Rp masks required to manufact"ure one semiconductor integrated 

til 

^ circuit device tends to increase- This tendency also causes 

m 

an important problem to be solved, that is, how to reduce the 



mask cost. 



Techniques for solving such problems are disclosed in, 

sy 

for example, pp. 145 and 146 of ^^Nikkei Micro Device, April- 
j^- 2000 issue" issued on April 1st, 2000, by the Nikkei Business 
Publications, Inc., pp. 142 to 152 of ^'Nikkei Micro Device, 
May-2000 issue" issued on May 1st, 2000, by the Nikkei 
Business Piiblications, Inc., Japanese Patent Application Laid- 
20 Open No. 2000-17196, and pp. 647 to 657 of ^^Optical 
Microlithography XIII 1-3 March 2000 Santa Clara, USA" issued 
by PROCEEDINGS OF SPIE SPIE-The International Society for 
Optical Engineering. In these descriptions, disclosed are 
techniques in which a mask serving as a master (master mask) 
25 having high writing accuracy in dimensions is manufactured, 
patterns of the master mask are transferred onto a daughter 
mask using a reduced projection e^^osure apparatus, and the 
pattern is transferred onto a wafer using the daughter mask. 
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Specifically, masks (tnaster mask and daughter mask) are 
manufactured according to the process as follows. 

Firstly, a mask substrate for a master mask is prepared. 
On this mask substrate, for example, a metal film such as 
5 chromium and a resist film are deposited in this order from 
below. Subsequently, after a pattern twenty times as large as 
the design rule is written on the resist film on the master 
mask, the lower metal film is patterned by the etching method 
using a resist pattern formed by the development as an etching 

o 

1® mask, and thus the master mask is manufactured* Thereafter, a 
HI mask substrate for the daughter mask, which is identical to 

OK 

HI that for the master mask, is prepared. Subsequently, after 

is the mask pattern of the master mask is written on a resist 

III film of the mask substrate for the daughter mask using the 

lis reduced projection exposure apparatus such as an i-beam 

D 

5^ Stepper, the metal film is etched similarly to the case of the 
master mask, and thus the daughter mask is manufactured. In 
this technique, the costly electron beam writing system is not 
required. Therefore, the reduction of the mask cost can be 
20 promoted. 



SUMMARY OF THE INVENTION 

However, the inventors of the present invention found 
out that the manufacturing technique of the mask (master 
25 mask and daughter mask) described above had problems as 

follows , 

First, an adequate consideration is not given to 
manufacture a mask efficiently and in a short time. 
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Specifically, in the techniques described above, though the 
master mask is used only once or not more than a few times, 
the pattern of the master mask is formed by etching the metal 
film thereof similarly to the normal mask having fine patterns. 
5 Therefore, it takes much time to manufacture the master mask, 
resulting in the occurrence of the problem that the reduction 
of the manufacturing time of a semiconductor integrated 
circuit device is hindered. Such a problem becomes severe 

Ms 

p particularly in the manufacturing of a customized product such 

6 

^ as an LSI . The higher the performance required to the 

yi 

customized product becomes, the more the number of process 

In 

Zl steps and the amount of time for its development are needed. 
On the other hand, existing products become outdated rapidly 
and a lifetime of such products is short. Therefore, demands 

HI 

iP for reducing the amount of time spent on the development and 
manufacturing of the product have been more and more increased. 
Accordingly, an important problem to be solved has caused, 
that is, how to manufacture a mask, which is used in the 
manufacturing of the customized product, efficiently and in a 

20 short time. 

Second, appropriate measures are not taken to further 
reduce the mask cost. Specifically, in the techniques 
described above, since the master mask is used for the 
exposure only once or not more than a few times, the 

25 manufacturing cost of the master mask is increased, resulting 
in the occurrence of the problem that the cost reduction of a 
semiconductor integrated circuit device is hindered. Such a 
problem also becomes severe particularly in the manufacturing 
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of a customized product. This is because the amount of 
production of such customized products per one kind is smaller 
in comparison to general -purpose products such as DRAM. 

An object of the present invention is to provide a 
5 technique capable of reducing the manufacturing time of a mask. 

Also, another object of the present invention is to 
provide a technique capable of reducing the manufacturing time 
of a semiconductor integrated circuit device. 
Q Also, another object of the present invention is to 

provide a technique capable of reducing the mask cost. 



m 
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Further, another object of the present invention is to 
provide a technique capable of reducing the cost of a 
semiconductor integrated circuit device. 



Other objects and novel characteristics of the present 
1© invention will be apparent according to the description and 
H the accompanying drawings of this specification. 

The outline of the typical one of the inventions 
disclosed in this application will be described as follows. 

Specifically, the present invention includes the step 
20 of transferring each pattern of a plurality of first masks 
including one or more resist masks onto a second mask by the 
reduced projection exposure, thereafter transferring the 
pattern on the second mask onto a semiconductor wafer by the 
reduced projection e^qjosure, 
25 In addition, the present invention includes the step of 

transferring each pattern of a plurality of IP masks including 
one or more resist masks onto a product mask by the reduced 
projection exposure, thereafter transferring the pattern on 
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the product tnask onto a semiconductor wafer by the reduced 
projection esqx^sure. 

Also, in the present invention, the product mask has a 
metal pattern having a light -shielding property to exposure 
light. 

Also, in the present invention, the product mask is a 
resist mask. 

Also, in the present invention, the product mask has 
both of a metal pattern having a light -shielding property to 
exposure light and an organic film pattern having a light- 
shielding property or a light -reducing property to exposure 

Wl 

H light. 

u 

'f^ Also, in the present invention, the organic film 

RJ pattern is arranged in only a part of a pattern transfer 

ig region of the product mask. 

Also, in the present invention, the pattern transfer 
region is a user logic circuit section. 

Also, the present invention includes the step of: 
forming an organic film pattern again after removing the 

20 organic film pattern of the product mask. 

Also, the present invention includes the steps of: 
preparing a first IP mask made of a resist film, which is a 
photomask used in the transfer of a memoiry mat or an aggregate 
of the memory mats; preparing a second IP mask made of a 

25 resist mask, which is a photomask used in the transfer of a 
peripheral circuit region of the memory mat; transferring the 
patterns of the first and second IP masks onto a product mask 
by the reduced projection exposure; and transferring the 



pattern on the product mask onto a semiconductor wafer by the 
reduced projection exposure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a graph showing light transmittance of resist 

films formed on a photomask used in a method of manufacturing 

a semiconductor integrated circuit device according to an 

embodiment of the present invention with respect to lights of 

various exposure wavelengths: 

FIG. 2A is a plan view of the photomask used in the 
method of manufacturing a semiconductor integrated circuit 
device according to the embodiment of the present invention, 
FIG. 2B) is a cross -sectional view taken along the line Xl-Xl 
of FIG. 2A, and FIG. 2C is a cross- sectional view showing a 
structure of a modification example of FIG. 2B; 

FIG. 3A is a plan view of another photomask used in the 
method of manufacturing a semiconductor integrated circuit 
device according to the embodiment of the present invention, 
3B is a cross -sectional view taken along the line X2-X2 of FIG 
3A, and FIG. 30 is a cross -sectional view showing a structure 
of a modification example of FIG. 3B; 

FIG. 4A is a plan view of another photomask used in the 
method of manufacturing a semiconductor integrated circuit 
device according to the embodiment of the present invention, 
FIG. 4B is a cross- sectional view taken along the line X3-X3 
of FIG. 4A, and FIG. 4C is a cross-sectional view showing a 
structure of a modification example of FIG. 4B; 

FIG. 5A is a plan view of another photomask used in the 
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method of manufacturing a semiconductor integrated circuit 
device according to the etnbodiment of the present invention, 
5B is a cross -sectional view taken along the line X4-X4 of FIG. 
5A, and FIG. 5C is a cross -sectional view showing a structure 
5 of a modification example of FIG. 5B; 

FIG. 6A is a plan view of another photomask used in the 
method of manufacturing a semiconductor integrated circuit 
device according to the embodiment of the present invention, 

□ FIG. 6B is a cross -sectional view taken along the line X5-X5 

|1|0 of FIG. 6A. 

m 

^ FIG. 7A is a plan view of another photomask used in the 

.^^i method of manufacturing a semiconductor integrated circuit 

Ix device according to the embodiment of the present invention, 

^ FIG. 7B is a cross -sectional view taken along the line X6-X6 

ill 

i| of FIG. 7A, and FIG. 7C is a cross- sectional view showing a 

H structure of a modification example of FIG, 7B; 

FIG. 8A is a plan view of another photomask used in the 
method of manufacturing a semiconductor integrated circuit 
device according to the embodiment of the present invention, 

20 FIG. 8B is a cross -sectional view taken along the line X7-X7 
of FIG. 8A, and FIG. 8C is a cross-sectional view showing a 
structure of a modification example of FIG. 8B/ 

FIG. 9A is a plan view of a semiconductor wafer in the 
manufacturing process of the semiconductor integrated circuit 

25 device according to the embodiment of the present invention, 
FIG. 9B is an enlarged plan view of a semiconductor chip 
forming region of the semiconductor wafer of FIG. 9A, and FIG. 
9C is a cross -sectional view taken along the line X8-X8 of PIG. 
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9B; 

FIG. 10 is an explanatory diagram of an example of an 
exposiire apparatus used in the method of manufacturing a 
semiconductor integrated circuit device according to the 
5 embodiments of the present invention; 

FIG. 11 is a general plan view of an example of a 
semiconductor chip constituting the semiconductor integrated 
circuit device according to another embodiment of the present 
invention; 

0 FIGS, 12A to FIG. 12E are general plan views of 

^2 examples of the photomasks used for manufacturing the 
semiconductor integrated circuit device of FIG. 11, namely, 
FIG. 12A shows a mask used in the transfer of circuit region 
m 10a of FIG. 11, FIG. 12B shows a mask used in the transfer of 

1 "a 

1^ circuit region 10b of FIG. 11, FIG. 12C shows a mask used in 
the transfer of circuit region 10c of FIG. 11, FIG. 12D shows 
a mask used in the transfer of circuit region lOd of FIG. 11, 
and FIG. 12E shows a mask used in the transfer of circuit 
region lOe of FIG. 11; 

20 FIG. 13 is a general plan view showing an example of a 

photomask used to manufacture the semiconductor integrated 
circuit device of FIG. 11; 

FIG. 14 is a general plan view of a semiconductor wafer 
in the manufacturing process of a semiconductor integrated 

25 circuit device according to another embodiment of the present 
invention; 

FIG. 15 is a flow chart showing the manufacturing 
process of the photomask used in the method of manufacturing a 



semiconductor integrated circuit device according to another 
embodiment of the present invention; 

FIGS. 16A to 16E are general plan views showing an 
example of the photomasks used in the manufacturing process of 
FIG. 15, namely, each pattern of circuit regions is shown 
schematically as an alphabet '"D" for FIG, 16A, "S'' for FIG. 
16B, ''DS" for FIG. 16C, for FIG. 16D and ^^U" for FIG. 16E; 

FIG. 17 is a general plan view showing an exartple of 
the photomask manufactured by the manufacturing process of FIG. 
15; 

FIG. 18 is a flow chart showing the manufacturing 
process of a photomask used in the method of manufacturing a 
semiconductor integrated circuit device according to another 
embodiment of the present invention; 

FIG. 19 is a general plan view showing an example of 
the photomask manufactured by the manufacturing process of FIG. 
18; 

FIG. 20 is a flow chart showing the manufacturing 
process of a photomask used in the method of manufacturing a 
semiconductor integrated circuit device according to another 
embodiment of the present invention; 

FIGS. 21A to FIG. 2 IE are general plan views showing an 
exanple of photomasks used in the manufacturing process of FIG. 
20, namely, each pattern of circuit regions is shown 
schematically as an alphabet ""D" for FIG. 21A, ^^S" for FIG. 
21B, ^^DS" for FIG. 21C, for FIG. 21D and "U^' for FIG. 21E; 

FIGS. 22A to FIG. 22E are general plan views showing an 
exairple of the photomasks used in the manufacturing process of 



FIG. 20 as shown in FIGS. 21A to 2 ID but FIG. 22E shows the 
photonask where an electron beam resist file is coated on a 
main surface of the mask for modifying a pattern of the mask; 

FIGS. 23A to FIG. 23E are general plan views showing an 
example of the photomasks used in the manufacturing process of 
FIG. 20 as shown in FIGS. 21A to 21D but FIG. 23E shows the 
photomask with a modification having a pattern as an alphabet 
''Ul" ; 

FIG. 24 is a flow chart showing the manufacturing 
process of a photomask used in the method of manufacturing a 
semiconductor integrated circuit device according to another 
embodiment of the present invention; 

FIG, 25 is a general plan view showing an example of a 
photomask manufactured by the manufacturing process of FIG. 

24; 

FIG. 26 is a general plan view showing an example of a 
photomask manufactured by the manufacturing process of FIG, 
24; 

FIG. 27 is a flow chart showing the manufacturing 
process of a photomask used in the method of manufacturing a 
semiconductor integrated circuit device according to another 
embodiment of the present invention; 

FIG. 28 is a general plan view showing an example of a 
photomask manufactured by the manufacturing process of FIG. 
27; 

FIG. 2 9 is a general plan view showing an example of a 
semiconductor chip constituting a semiconductor integrated 
circuit device according to still another embodiment of the 
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pre sent invent ion ; 

FIGS. 3 OA to FIG, 30C are general plan views showing an 
example of photomasks used to manufacture the semiconductor 
integrated circuit device of FIG, 29, namely, FIG. 30A shows 
an IP mask used in transferring a pattern of a memory mat, FIG. 
3 OB shows an IP mask used in transferring a pattern of a 
peripheral circuit region, and FIG. 30C shows an IP mask used 
in transferring a pattern of a peripheral circuit region; and 

FIG. 31 is a general plan view showing an example of a 
photomask under fabrication used to manufacture the 
semiconductor integrated circuit device of FIG. 29. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In advance of the detail description of the present 
invention in this application, technical terms employed in 
this application will be described as follows. 

1. IP (Intellectual Property) : A circuit block or a 
functional block capable of reusing a circuit functional block, 
which has already been designed and operation thereof has been 
verified, as a design property. To be concrete, a macro cell 
can be enumerated. ® 

2. Macro Cell: A circuit block or a fiinctional block, 
which is superior to a basic cell in performance, is large 
scale, and is dedicated to a specific application. The macro 
cell is classified into a hard macro cell having a fixed mask 
pattern and a soft macro cell in which library data is limited 
to the net list representation and the mask pattern thereof is 
created in every design decision. As the macro cell, a 
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standard cell (polycell) showing a small-scale logic gate and 
having a constant height, a inodule cell such as: RAM (Random 
Access Memory) having a regular layout structure and 
automatically generated in accordance with an input parameter 
by a module generator; a ROM (Read Only Memory^ ; PLA 
(Programmable Logic Array) ; a multiplier; an acciomulator; and 
a data path, a CPU (Central Processing Unit) , an analog cell, 
I/O (Input /Output) cell and the like are enumerated. With 
respect to the macro cell, in addition to the mask pattern 
data, data such as cell frame data and terminal data for 
automatic wiring, and functional model, logic model, delay 
parameter and the like for simulation are registered to a 
design system (computer or the like) as a cell library. Such 
data are easily read out from the cell library and used in 
such a case of the simulation or the like. As an example of 
the RAM, DRAM (Dynamic RAM) , SRAM (Static RAM) , and FRAM 
(Ferroelectric RAM) are enumerated. In addition, as an 
example of the ROM, mask POM, flash memory (EEPROM; Electric 
Erasable Programmable ROM) and the like are enumerated. 

3. Mask (Photomask): A mask made by forming a pattern 
for shielding light and a pattern for shifting a phase of 
light on a mask substrate. It includes a reticle having a 
pattern several times as large as a pattern of the actual size 
formed thereon. A first main surface of the mask indicates a 
pattern surface on which the pattern for shielding light and 
the pattern for shifting the phase of light are formed, and a 
second main surface of the mask indicates the other side of 
the first main surface (i.e., a reverse surface) . 
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4. Product Mask: A kind of above -described mask, which 
is called a daughter mask or an intermediate mask and is used 
to transfer a pattern onto a substrate to be transferred such 
as a wafer. 

5. Master Mask: A kind of above -described mask, which 
is used to transfer the pattern onto the product mask, and on 
which a pattern several times as large as that of the product 
mask is formed, IP (Intellectual Property) mask in the 
embodiments is also one of the master masks. 

6. Normal Mask: A kind of above -described mask. It 
indicates a normal mask in which a mask pattern is formed of a 
light -shielding pattern made of metal and a transparent 
pattern on a mask substrate. 

7. Resist Mask: A kind of above -described mask. It 
indicates a mask having a light -shielding member (light- 
shielding film, light -shielding pattern, and light -shielding 
region or the like) made of an organic film on a mask 
substrate. Specifically, the resist mask in this application 
is the one obtained by performing the patterning of a film 
having a photosensitive resist as a base by the exposure using 
an energy beam such as electron beam (ion beam) and light 
(ultraviolet light such as vacuum ultraviolet light, far 
ultraviolet light, and near ultraviolet light and visible 
light) or the photolithography technique. A light -blocking 
film completely or partly blocks visible light and ultraviolet 
light such as vacuum ultraviolet light, far ultraviolet light, 
and near ultraviolet light. Photosensitivity is an inherent 
attribute of the resin itself, and an emulsion mask or the 
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like in which added conposition such as silver halide inainly 
forms the photosensitivity is not included in the resist mask 
mentioned here in principle. However, it goes without saying 
that a variety of additives including the foregoing may be 
contained in the resist mask. 

8. The pattern surfaces of the masks (nomal mask and 
resist mask mentioned above) are classified into the regions 
below. A region in which integrated circuit pattern to be 
transferred is arranged is referred to as an ''integrated 
circuit pattern region", and an outer peripheral region 
thereof is referred to as a "peripheral region" . A plurality 
of chip regions are arranged in this integrated circuit 
pattern region. 

9 . When ^^1 ight - shielding member" , 1 ight - shielding 
region", ^^light -shielding film", and "light-shielding pattern" 
are mentioned, it means that they have an optical property 
that exposure light irradiated onto the regions thereof is 
penetrated by 40% or less. Generally, the one capable of 
penetrating the light by several % to not more than 30% is 
used. On the other hand, if "transparent", "transparent film", 
"transparent region" , and "transparent pattern" are mentioned, 
it means that they have an optical property that exposure 
light irradiated onto the regions is penetrated by 60% or 
more. Generally, the one capable of penetrating the light by 
90% or more is used. 

10. Wafer: A wafer includes a single crystal silicon 
substrate (having an approximately flat, roiand shape in 
general) , a sapphire substrate, a glass substrate, other 
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insulating or semi -insulating substrate, a semiconductor 
substrate, and a substrate made by combination thereof, which 
are used in the manufacturing of an integrated circuit. In 
addition, a semiconductor integrated circuit device in this 
application is not limited to the one made on the 
semiconductor or insulating substrate such as the silicon 
wafer and the sapphire siobstrate, and it includes the one made 
on other insulating substrate such as glass, for example, TFT 
(Thin Film Transistor) and STN (Super-Twisted-Nematic) licjuid 
M crystal \mless clearly specified to the contrary. 

m 

^ 11. Device Surface: A main surface of a wafer. It 

%| indicates a surface on which a device pattern corresponding to 

a plurality of chip regions is formed by the lithography. 
k| 12. Transferred Pattern: A pattern transferred onto a 

^ wafer by a mask. Concretely, it indicates a photoresist 

pattern (hereinafter, referred to as a resist) or a pattern 

actually formed on a wafer by using a photoresist pattern as a 

mask. 

13. Resist Pattern: A film pattern formed by patterning 
20 a photosensitive resin film (resist film) by the 

photolithography method. Note that this pattern includes a 
mere resist film having no openings with respect to the 
portion concerned. 

14. Normal Illumination: An undeformed illumination. It 
25 indicates an illumination having relatively uniform light 

intensity distribution. 

15. Deformed Illumination: An illumination whose 
illuminance at the central portion is lowered. It includes 
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oblique illumination, annular illumination, multi-pole 
illumination such as 4 -pole illumination and 5-pole 
illumination, or a super resolution technique by a pupil 
filter equivalent to the foregoing illuminations. 

16. Scanning Exposure: An exposure method in which thin 
slit -shaped exposure band is moved (scanning) relatively and 
continuously on a wafer and a mask in the orthogonal direction 
to the longitudinal direction of the slit (may be moved in the 
diagonal direction) , and then a circuit pattern on the mask is 
transferred onto a desired position on the wafer. The 
apparatus performing this exposure method is a scanner. 

17. Step and Scan Exposure: An exposure method for 
performing the exposure to the entire portion to be exposed on 
a wafer by using the scanning exposure and a stepping exposure 
in combination. It represents a narrower concept of the 
scanning exposure. 

18 . Step and Repeat Exposure : An exposure method in 
which a wafer is repeatedly stepped relative to a projected 
image of a circuit pattern on a mask, and thus the circuit 
pattern on the mask is transferred onto a desired position on 
the wafer. The apparatus performing this exposure method is a 
stepper . 

In the embodiments described below, the description 
will be made after being divided into a plurality of sections 
or embodiments when recjuired as a matter of convenience. 
However, these sections or embodiments are not irrelevant to 
each other unless clearly specified to the contrary, and the 
one relates to the entire or a part of the other as a 
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modification example, details, or a supplementary explanation 
thereof . 

Also, in the embodiments described below, when 
referring to the number of an element (including number of 
pieces, values, amount, range, or the like) , the number of the 
element is not limited to a specific number unless clearly 
specified or except the case where the number is apparently 
limited to a specific number in principle. The number larger 
or smaller than the specified number is applicable. 

Further, in the embodiments described below, it goes 
without saying that the components (including element steps) 
are not always indispensable unless clearly specified or 
except the case where the components are apparently 
indispensable in principle. 

Similarly, in the embodiments described below, when the 
shape of the components, positional relation thereof, and the 
like are mentioned, the substantially approximate and similar 
shapes and the like are included therein unless clearly 
specified to the contrary or except the case where it can be 
conceived that they are apparently excluded in principle. 
This condition is also applicable to the numerical value and 
the range described above. 

Also, the components having the same function are added 
by the same reference symbol in the entire drawings for 
describing the embodiments, and repetitive descriptions 
thereof are omitted. 

Also, in the drawings used in the embodiments, the 
light -shielding members (light -shielding film, light -shielding 



pattern, light -shielding region, and the like) are hatched so 
as to make the drawings easy to see even in the plan view. 

Hereinafter, the embodiments of the present invention 
will be described in detail based on the drawings. 
(First Embodiment) 

The method of manufacturing a semiconductor integrated 
circuit device according to the embodiment has been made in 
order to manufacture a desired semiconductor integrated 
circuit device by transferring a pattern of an IP mask (first 
photomask) onto a product mask (second photomask) using a 
reduced projection exposure apparatus, and then transferring 
the pattern of the product mask onto a wafer using the reduced 
projection exposure apparatus. 

First, the IP mask used in this embodiment will be 
described. In this embodiment, the resist mask is used as the 
IP mask. The basic resist mask is a technology utilizing the 
property of an organic film such as a resist film, that is, a 
mask effect (light -reducing or light -shielding effect) to 
exposure light such as ArF excimer laser (wavelength: 193 nm) . 
FIG. 1 shows a spectral transmittance of a standard electron 
beam resist film, for example, polyphenol resin or novolak 
resin used in the mask writing or the like. Also, in FIG. 1, 
the spectral transmittance in the case of setting the film 
thickness of the electron beam resist films as about 100 nm is 
exemplified. The electron beam resist films have light 
transmittance of about 0 for, for example, the light having 
the wavelength of about 150 to 230 nm. Therefore, it can be 
understood that the electron beam resist films have sufficient 
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mask effect to, for example, ArF excimer laser having the 
wavelength of 193 nm, laser having the wavelength of 157 nm, 
and the like. Note that the mask using the resist film as a 
light -shielding member is disclosed in Japanese Patent 
5 Application Laid-Open No, 5-289307. 

Next, an example of the IP mask used in this embodiment 
will be described with reference to FIGS. 2 to 5. FIGS. 2A, 
3A, 4A, and 5A are general plan views of IP masks Mml to Mm4 . 
U FIGS. 2B, 3B, 4B, and 5B are cross -sectional views taken along 
114 0 the lines XI -XI, X2-X2, X3-X3, and X4-X4 of FIGS. 2A, 3A, 4A, 
* and 5A, respectively. FIGS. 2C, 3C, 4C, and 5C are cross- 
H sectional views of modification examples. Note that though 
hk FIGS. 2A, 3A, 4A, and 5A are plan views, the light -shielding 
n| members therein are hatched so as to make the drawings easy to 
P|L5 see. In this case, the light -shielding member made of an 
^ organic film is hatched with thick lines and the light- 
shielding member made of metal is hatched with thin lines. 
Also, in FIGS. 2 to 5, the patterns of the IP masks Mml to Mm4 
are schematically shown as the alphabet E so as to simplify 
20 the description. In an actual case, lines and a rectangular 
pattern for forming wiring and electrodes, a hole pattern for 
forming a thorough hole and a contact hole, and a pattern for 
forming a mask used in the impurity introduction are formed. 
In addition, in FIGS. 2 to 5, the cases where one integrated 
25 circuit pattern region CA is arranged on each of the IP masks 
Mml to Mm4 are exemplified. However, the arrangement of the 
integrated circuit pattern region CA is not limited to these, 
and a plurality of integrated circuit pattern regions CA may 



be arranged. Also, in FIGS. 2 to 5, the case where one 
integrated circuit pattern region CA corresponds to a forming 
region of one semiconductor chip (hereinafter, referred to as 
chip) is exenplified. 

In the IP masks IVftnl to Mm4, for example, patterns four 
to five times as large as those of later- described product 
masks are formed. Since the patterns of the IP masks Mml to 
Mm 4 are four or five times as large as those of the product 
masks, high pattern forming accuracy and high dimensional 
precision can be achieved. Also, since variance in dimension 
can be reduced by the extent proportional to the reduction 
rate in the transfer of the pattern onto the product mask, the 
dimensional precision on the product mask can be made 
extremely high. In addition, the occurrence of the defects 
can be reduced. Accordingly, it becomes possible to 
manufacture the products requiring higher dimensional 
precision of the pattern. The magnification is set depending 
on that of the reduced projection exposure apparatus used to 
form the product mask, and is not particularly limited to that 
described above. A mask substrate 1 constituting each of the 
IP masks Mml to Mm4 is made of, for example, a transparent 
synthetic quartz glass substrate having a thickness of about 6 
mm in the shape of a parallelogram. 

The IP mask Mml of FIG. 2 exemplifies the case where 
light -shielding patterns 2 (2a, 2b, and 2c) on a first main 
surface of the mask substrate 1 are all constituted of organic 
films. The light -shielding patterns 2 have a characteristic 
of absorbing (light -shielding or light -reducing) exposure 
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light such as g-beam (wavelength: 436 nm) , i-beam (wavelength: 
365 nm) , KrF excimer laser (wavelength: 248 nm) , ArF excimer 
laser (wavelength: 193 nm) , and F2 laser (wavelength: 157 nm) . 
Also^ the light -shielding patterns 2 have an approximately the 
same mask effect as a light -shielding member made of metal 
such as chromium. The light -shielding pattern 2a is a pattern 
for transferring the integrated circuit pattern onto the 
product mask and is arranged on a transparent region 3a of the 
integrated circuit pattern region CA in the central portion of 
the first main surface of the mask substrate 1. The light- 
shielding pattern 2b is a pattern for defining the area of the 
integrated circuit pattern region CA and is arranged in the 
peripheral region of the integrated circuit pattern region CA 
so as to edge the outer periphery of the same. In this IP 
mask ly&nl/ the light -shielding pattern 2b is formed in the 
stripe shape and the outer peripheral region thereof serves as 
a transparent region 3b. The light -shielding patterns 2c 
exemplified by a flat-cross shape arranged in the transparent 
region 3b serve as alignment marks used in aligning the two 
dimensional position between the IP mask ftal and the reduced 
projection exposure apparatus. A joint surface of a base of a 
pellicle is joined while being contacted to the mask substrate 
1 in the outer periphery of the light -shielding pattern 2b. 
Therefore, the occurrence of problems such as the exfoliation 
of the pellicle and the generation of the foreign object at 
the time of detachment of the pellicle can be avoided. 

FIG. 2B exemplifies the case where the light -shielding 
patterns 2 are formed of a single film of the electron beam 
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resist film. As a material of the electron beam resist film, 
a si±>stance mainly made of, for example, copolymer of a- 
methylstyrene and a-chloroacrylic acid, novolak resin and 
quinone diazide, novolak resin and polymethylpentene-l-sulf one, 
5 and chloromethyl -polystyrene is used. A so-called chemical 
amplification resist made by mixing an inhibitor and an acid 
generator into phenol resin such as polyvinyl phenol resin or 
novolak resin is also used. Any suODstances can be used as 
JS; the material of the light -shielding resist film used in this 
!:flO embodiment if they have a light -shielding property for a light 
^ source of the projection exposure apparatus and a 
photosensitivity to the light source of the pattern writing 
apparatus in the mask manufacturing process, that is, 
PI photosensitivity to the electron beam or the light having the 

m 

Ql5 wavelength of 230 nm or longer. Therefore, the material of 
the light -shielding resist film is not limited to the 
foregoing substances and various changes can be made therein. 
In the case where the polyphenol resin or novolak resin is 
deposited to the thickness of about 100 nm, since the light 
20 transmittance for the light having the wavelength of about 150 
nm to 230 nm is almost 0, it can be understood that such resin 
has sufficient mask effect to, for example, the ArF excimer 
laser, laser, and the like. Although vacuum-ultraviolet 
light having the wavelength of 200 nm or shorter is employed 
25 as an object in this embodiment, the light used therein is not 
limited to this. The exposure light having the wavelength of 
longer than 200 nm such as g-beam, i-beam, and KrF excimer 
laser is also applicable thereto. In this case, it is 
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necessary that other electron beam resist film material is 
used or that an absorbing member having a light -absorbing 
property to the exposure light or a light -shielding member 
having a light -shielding property to the exposure light is 
added to the resist film. By so doing, even if the light - 
shielding patterns 2 are formed of a single film of the 
electron beam resist film, the light-shielding patterns 2 can 
have a sufficient mask effect to the exposure light having the 
wavelength of 200 nm or longer, for example, g-beam, i-beam, 
and KrF excimer laser. Note that the technique for forming a 
light-shielding pattern by the use of an organic film is 
disclosed in Japanese Patent Application No. 11-185221 (filed 
on Jione 30, 1999) by the inventors of this application. 

Also, exenplified in FIG. 2C is the case where the 
light-shielding patterns 2 are formed of a layered film made 
by depositing the electron beam resist film described in FIG. 
2 B on a light -absorbing organic film. The light -absorbing 
organic film is made of, for example, an antiref lection film 
such as polyimide resin and is made of a material having a 
light -absorbing property, light -reducing property, or a light- 
shielding property to the exposure light having the wavelength 
of 200 nm or longer. Therefore, the light -shielding patterns 
2 can have a sufficient mask effect to the exposure light 
having the wavelength of 200 nm or longer. The light - 
shielding pattern 2 having the layered structure as described 
above is manufactured in such a manner as follows. Firstly, a 
predetermined pattern is written using an electron beam on an 
electron beam resist film. Subsequently, development thereof 
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is performed to form a resist pattern of the electron beam 
resist film. At this time, a light -absorbing organic film as 
a lower layer is patterned self -aligningly using the resist 
pattern as a mask. Note that a technique for forming a light- 
5 shielding film by the use of a layered film made of a light- 
absorbing organic film and a photosensitive organic film is 
disclosed in Japanese Patent Applications No. 2000-328159 and 

, , No. 2000-328160 (both filed on October 27, 2000) by the 

5f inventors of this application. 

nllQ The IP mask Mm2 in FIG. 3 exemplifies the case where 

«P the light -shielding patterns 2 (2c and 2d) on the first main 
Si surface of the mask substrate 1 are all made of organic films, 
and the case where the arrangement of the transparent region 

ni 

fU and the light -shielding region is reversed in comparison to 
S^S the IP mask Mm 1 in FIG. 2. A light -shielding pattern 2d is 
arranged at a central portion of the first main surface of the 
mask substrate 1 in this IP mask Mm2 . The light -shielding 
pattern 2d is a pattern covering most of the integrated 
circuit pattern region CA and has an outer periphery 
20 protruding to the peripheral region. A transparent pattern 3c 
defined by the light -shielding pattern 2d is a pattern for 
transferring the integrated circuit pattern onto the product 
mask and is arranged in the integrated circuit pattern region 
CA at the central portion of the first main surface of the 
25 mask s;abstrate 1. A joint surface of a base of a pellicle is 
joined while being contacted to the mask substrate 1 in the 
outer periphery of the light -shielding pattern 2d. FIG. 3B 
shows the case where the light-shielding patterns 2 (2c and 
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2d) are formed of a single film of the electron beam resist 
film similarly to the foregoing. FIG. 3C shows the case where 
the light -shielding patterns 2 (2c and 2d) are formed of a 
layered film constituted of the light -absorbing organic film 
5 and the electron beam resist film. Note that in order to 
transfer the patterns identical to each other onto a wafer 
using the IP masks IVftnl and WtiZ, a positive resist film may be 
coated on the wafer when using the IP mask MrcH, and a negative 
resist film may be coated on the wafer when using the IP mask 
rSO Mm2. 

3 = 5 

-Jrt a 

The IP mask Mm3 in FIG. 4 exemplifies the case where a 

yi 

'"^ light-shielding pattern 2 (2a) made of an organic film and a 
^ light -shielding patterns 4 (4a and 4b) made of metal are 
ry arranged on the first main surface of the mask substrate 1, 

01 

C|L5 In this IP mask NBtG, the light -shielding patterns 4a and 4b 
(They correspond to the light -shielding patterns 2b and 2c of 
the IP mask Mml of FIG. 2, respectively.) are made of, for 
example, a metal film such as a single film of chromium (Cr) 
or a layered film of chromium and chromium oxide (CrOx) • 

20 However, the material of the light -shielding pattern 4 is not 
limited to the chromium and the like, and various materials 
can be used. For exarrple, refractory metal such as tungsten, 
molybdenum, tantalum, and titanium, nitride such as tungsten 
nitride, refractory metal silicide (conpound) such as tungsten 

25 silicide (WSix) and molybdenum silicide (MoSix) , or a layered 
film thereof can be used. With respect to the resist mask, 
the mask substrate 1 thereof is washed and used again 
(reproduction) in some cases after removing the light- 



shielding pattern 2 made of an organic film. Therefore, the 
refractory metal such as tungsten is preferable for the 
material of the light -shielding pattern 4 because the 
refractory metal has high oxidation resistance, high abrasion 
resistance, and high exfoliation resistance. The light- 
shielding patterns 4b exemplified by a flat- cross shape serve 
as alignment marks used in aligning the two dimensional 
position between the IP mask iyfim3 and the reduced projection 
exposure apparatus. Since the alignment mark is constituted 
of metal, sufficient light -shielding effect can be obtained 
even in the case where helium-neon (He-Ne) gas laser having 
the wavelength of 633 nm is used as the light source for the 
alignment. Also, contrast between the light -shielding region 
and the transparent region can be obtained sufficiently. 
Therefore, position detection can be performed accurately and 
the pattern transfer accuracy can be inproved. A joint 
surface of a base of a pellicle is joined while being 
contacted to the mask substrate 1 in the outer periphery of 
the light -shielding pattern 4a. FIG. 4B shows the case where 
the light -shielding pattern 2 (2a) is formed of a single film 
of the electron beam resist film similarly to the foregoing. 
FIG. 4C shows the case where the light -shielding pattern 2 
(2a) is formed of a layered film constituted of the light- 
absorbing organic film and the electron beam resist film. In 
this IP mask Mm3, the amount of time to manufacture the mask 
can be reduced in comparison to the IP masks Mml and Mm2 shown 
in FIGS. 2 and 3 because the light -shielding patterns 4a and 
4b in the peripheral region are not required to be exposed in 
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the reproduction. Note that also in this IP mask Mm3 having a 
structure like this, the patterns in the integrated circuit 
pattern regions can be reversed similarly to the case 
described in FIG. 3. In addition, the reproduction technique 
of the resist mask is disclosed in, for example, Japanese 
Patent Application No. 2000-246506 (filed on August 15, 2000) 
by the inventors of this application. 

The IP mask Mm4 in FIG. 5 exemplifies the case where 
the light-shielding pattern 4c made of metal covers most of 
the peripheral region on the first main surface of the mask 
substrate 1. The light -shielding pattern 4c is made of the 
same metal as the light -shielding pattern 4a described 
above. The fine transparent patterns 3d exemplified by the 
flat-cross shape defined by the light -shielding pattern 4c 
are formed in parts of the light -shielding pattern 4c. The 
transparent patterns 3d serve as alignment marks used in 
the two- dimensional alignment between the IP mask Mm4 and 
the reduced projection exposure apparatus. Also in this 
case, a sufficient light-shielding effect can be obtained 
when helium-neon gas laser having the wavelength of 633 nm 
is used as the light source for the alignment. Also, 
contrast between the light -shielding region and the 
transparent region can be obtained sufficiently. Therefore, 
position detection can be performed accurately and the 
pattern transfer accuracy can be improved. A joint surface 
of a base of a pellicle is joined while being contacted to 
the light-shielding pattern 4c. FIG. 5B shows the case 
where the light -shielding pattern 2 (2a) is formed of a 
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single film of the electron beam resist film similarly to 

the foregoing. FIG. 5C shows the case where the light - 

shielding pattern 2 (2a) is formed of a layered film of the 

light -absorbing organic film and the electron beam resist 

film. Note that also in this IP mask Mm4 having a 

structure like this, the patterns in the integrated circuit 

pattern regions can be reversed similarly to the case 

described in FIG. 3. 

In the case where the IP mask is constituted of the 

resist mask as described above, the advantages as follows can 

be obtained. 

First, a development period and a manufacturing time of 
the semiconductor integrated circuit device can be reduced. 
Since the IP mask is used only once or not more than a few 
times (especially, in a customized product) , taking much time 
to manufacture the IP mask causes the waste of time. To the 
contrary, in the IP mask of this embodiment, since the light - 
shielding pattern is constituted of an organic film, the 
necessity of the etching process for the metal film can be 
removed in the formation of the mask pattern. Therefore, the 
amount of time required to manufacture the IP mask is greatly 
reduced in comparison to the case of the normal mask. 

Second, since the dimensional precision of the pattern 
to be transferred onto the product mask (or onto a wafer) can 
be improved, the improvement in performance and integration of 
the semiconductor integrated circuit device can be achieved. 
The reason therefor is as follows. Since the etching of the 
metal film is not performed, but the organic film is patterned 
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by the exposure and the development to form the mask pattern 
in the IP mask of this embodiment, the occurrence of the 
dimensional error caused by the etching to form the mask 
pattern can be prevented. 
5 Third, the IP mask having high reliability can be 

manufactured with low defect rate. The reason therefor is as 
follows. Since the etching is not performed in the pattern 
formation, the occurrence of the defects is greatly reduced, 
y Fourth, since the manufacturing cost of the mask 

Vio (broader concept including IP mask and product mask) can be 

m reduced, the cost of the semiconductor integrated circuit 

Si 

u device can be reduced. The reason therefor is as follows. In 

flj addition that the above -described third advantage can be 
fn obtained, since the light -shielding pattern is constituted of 
ri5 an organic film in the IP mask of this embodiment, the etching 
step of the metal film in the formation of the mask pattern 
can be omitted, and thus the material cost, the fuel cost, and 
the equipment cost required to perform the etching can be 
saved. Also, the mask siibstrate can be recycled by removing 
20 the light -shielding pattern made of an organic film. Since 
the IP mask is used only once or a few times {especially, in a 
customized product) , this advantage is quite effective to 
achieve the cost reduction of the semiconductor integrated 
circuit device. 

25 In the case of the resist mask as described above, 

there is a possibility that the film quality and the light 
transmittance to the irradiation of the exposure light are 
changed. However, since the IP mask is used for the exposure 



only once or a few times, the resist mask has a sufficient 
resistance to the exposure of this extent even if the resist 
mask is used as the IP mask. Therefore, the change of the 
film quality and the light transmittance is small enough to be 
ignored . 

Next, description will be made for the product mask. 
FIGS- 6 to 8 show an example thereof. The planar, entire 
dimensions of product masks Mdl to MdS are almost the same as 
those of the IP masks Mml to Mm4. In FIGS. 6 to 8, the case 
where the magnification is set to four times is exemplified. 
Specifically, 16 integrated circuit pattern regions CA 
(obtained by 4 x 4= 16) are arranged. Since the product masks 
Mdl to Md3 are manufactured using the IP masks Mml to iyfrn4, 
each pattern of the integrated circuit pattern regions CA is 
schematically shown as the alphabet E in conformity to the IP 
masks Mml to Mm 4. Also in this case, one integrated circuit 
pattern region CA corresponds to a forming region of one chip. 
Although FIGS. 6A, 7A, and 8A are plan views, the light - 
shielding members therein are hatched so as to make the 
drawings easy to see. In this case, the light -shielding 
member made of an organic film is hatched with thick lines and 
the light -shielding member made of metal is hatched with thin 
lines. 

FIG. 6A is a general plan view of the product mask Mdl 
and FIG. SB is a cross-sectional view taken along the line X5- 
X5 of FIG. 6A. The product mask Mdl is constituted of the 
normal mask. Specifically, light -shielding patterns 4 (4b, 4d, 
and 4e) on the first main surface of the mask substrate 1 are 
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constituted of, for exarrple, a single film of chromium or a 
layered film of chromium and chromium oxide laminated thereon. 
The light -shielding pattern 4d is a pattern made by 
transferring the light-shielding pattern 2a or the transparent 
5 pattern 3c of the IP masks Mml to Mi:n4 and is a pattern for 
transferring the integrated circuit pattern onto a wafer. The 
light -shielding pattern 4d is arranged in each of the 
transparent regions 3a of the integrated circuit pattern 
2f region CA. The patterns in the integrated circuit pattern 
Rio regions CA. can be reversed similarly to the case described in 
£ FIG. 3. The light -shielding pattern 4e is a pattern defining 

!al I 

Si an area of the integrated circuit pattern region CA and is 
arranged so as to edge the outer periphery of the integrated 

HI 

pj circuit pattern region CA. Also^ in the case of the product 
pL5 mask Mdl, the peripheral region of the mask substrate 1 can be 
designed to have a structure as shown in FIG. 5. 

In the product mask Mdl described above, a joint 
surface of a base of a pellicle is joined while being 
contacted to the mask substrate 1 in the outer periphery of 
20 the light -shielding pattern 4e. Since the number of use of 
the product mask Mdl is larger than that of the IP mask, it is 
effective in terms of the inprovement of the durability 
(lifetime) of the product mask Mdl to use the normal mask as 
the product mask Mdl. 
25 FIG. 7A is a general plan view of a product mask Md2, 

and FIG. 7B is a cross -sectional view taken along the line X6- 
X6 of FIG. 7A. This product mask Md2 is constituted of the 
resist mask. Specifically, the light -shielding patterns 2 (2c, 
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2e, and 2f) on the first main surface of the mask substrate 1 
are constituted of the organic films. The light -shielding 
pattern 2e is a pattern made by transferring the light - 
shielding pattern 2a or the transparent pattern 3c of the IP 
5 masks Mnl to Mm4 and is a pattern for transferring the 
integrated circuit pattern onto a wafer. The light -shielding 
pattern 2e is arranged in each of the transparent regions 3a 
^Yie integrated circuit pattern region CA. The patterns in 

Q 

CI the integrated circuit pattern regions CA can be reversed 
WtO similarly to the case described in FIG. 3. The light- 
m shielding pattern 2f is a pattern defining an area of the 

-4 

55 integrated circuit pattern region CA and is arranged so as to 

f|| edge the outer periphery of the integrated circuit pattern 

Hi 

Ik region CA. In the product mask Md2 described above, a joint 
surface of a base of a pellicle is joined while being 
contacted to the mask substrate 1 in the outer periphery of 
the light -shielding pattern 2f . FIG. 7B shows the case where 
the light -shielding patterns 2 of the product mask Md2 are 
constituted of a single film of the electron beam resist film. 

20 FIG. 7C shows the case where the light -shielding patterns 2 of 
the product mask Md2 are constituted of a layered film of the 
light -absorbing organic film and the electron beam resist film 
In the product mask Md2 as described above, it becomes 
possible to further enhance the first and second advantages 

25 obtained by using the IP mask as the resist mask. 
Specifically, the development period and the manufacturing 
time of the semiconductor integrated circuit device can be 
further reduced. In addition, since the dimensional precision 
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of the pattern transferred onto the product mask (or onto a 
wafer) can be further improved, the further inprovement in 
performance and integration of the semiconductor integrated 
circuit device can be achieved. Also, the product mask having 
high reliability can be manufactured with low defect rate. 
Moreover, since the mask cost (broader concept including IP 
mask and product mask) can be further reduced, the cost of the 
semiconductor integrated circuit device can be further reduced. 

FIG. 8A is a general plan view of the product mask MdS . 
FIG. 8B is a cross -sectional view taken along the line X7-X7 
of FIG. 8A, The product mask Md3 exemplifies the case where 
the light-shielding pattern 2 (2e) made of an organic film and 
the light -shielding patterns 4 (4b and 4d) made of metal are 
arranged on the first main surface of the mask substrate 1. 
In this product mask Md3, the light -shielding patterns 4b and 
4e (They correspond to the light -shielding patterns 2c and 2f 
of the product mask Md2 of FIG. 7, respectively.) are 
constituted of, for example, a metal film such as a single 
film of chromium and a layered film of chromium and chromium 
oxide. Note that similarly to the case described in FIG. 4, 
the material of the light -shielding pattern 4 in this case may 
be selected from the refractory metal, the nitride, refractory 
metal silicide (compound) and a layered film thereof. With 
respect to the resist mask, especially, the mask substrate 1 
thereof is washed and used again (reproduction) in some cases 
after removing the light -shielding pattern 2 made of an 
organic film. Therefore, the refractory metal is preferable 
for the material of the light -shielding pattern 4 because the 



refractory metal has high oxidation resistance, high abrasion 
resistance, and high exfoliation resistance. Also in this 
product mask Md3 having a structure like this, the patterns in 
the integrated circuit pattern regions can be reversed 
similarly to the cases described in FIG. 3. In the product 
mask Md3 described above, a joint surface of a base of a 
pellicle is joined while being contacted to the mask si±>strate 
1 in the outer periphery of the light -shielding pattern 4e. 
Similar to the foregoing, FIG. 8B shows the case where the 
light -shielding pattern 2 (2e) is constituted of a single film 
of the electron beam resist film. FIG. 8C shows the case 
where the light -shielding pattern 2 (2e) is constituted of a 
layered film of the light -absorbing organic film and the 
electron beam resist film. 

In this product mask Md3, in addition to the advantages 
obtained by using the product mask Md2 shown in FIG. 7, an 
advantage of reducing the manufacturing time of the mask can 
be obtained because it is not necessary to exposure the light - 
shielding patterns 4b and 4e in the peripheral region in the 
reproduction in comparison to the product mask Md2 of FIG. 7. 

FIG. 9 exemplifies a pattern transferred onto a wafer 5 
by the reduced projection exposure using the product masks Mdl 
to Md3 described above. FIG. 9A is a general plan view of the 
wafer 5, FIG. 9B is an enlarged plan view of a chip forming 
region WCA of FIG. 9A, and FIG. 9C is a cross -sectional view 
taken along the line X8-X8 of FIG. 9B. Although FIGS. 9A and 
9B are plan views, the components shown therein are hatched so 
as to make them easy to see. 
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A semiconductor substrate 5S of the wafer 5 is made of, 
for example, semiconductor such as single crystal silicon (Si) 
and predetermined integrated circuit devices are formed on a 
device surface (main surface) thereof. A plurality of chip 
5 forming regions WCA are arranged on the device surface of the 
wafer 5. A resist pattern RP transferred by the exposure 
using the product masks Mdl to Md3 is transferred onto each of 
^ the chip forming regions WCA. In this example, the case where 
y an insulating film 6 made of, for example, silicon oxide is 
^{|L0 deposited on the device surface of the semiconductor substrate 

Ul 5S and a metal film 7 made of, for example, aluminum or 

M 

s aluminum alloy is deposited thereon is exemplified. The 

hJ resist pattern RP is formed on the metal film 7 . 
p Next, an example of the reduced project ion exposure 

1^15 apparatus used in the manufacturing of the product masks Mdl 
to Md3 and in the transfer step of the resist pattern PR onto 
the wafer 5 will be described based on FIG. 10. Note that 
only the constituents necessary to describe the function of 
the exposure apparatus are shown in FIG. 10. However, other 
20 constituents essential to the ordinary exposure apparatuses 
(scanner and stepper) are similar to those within a usual 
scope . 

An exposure apparatus EXP shown in FIG. 10 is, for 
example, a scanning type reduced projection exposure apparatus 
25 (scanner) having a reduction rate of 4:1. The exposure 
condition of the exposure apparatus EXP is as follows. 
Specifically, KrF excimer laser having the exposure wavelength 
of about 248 nm is used as exposure light Lp, numerical 
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apertixre NA of an optical lens is set to 0.65, a shape of 
illumination is round, and a coherency value (a: sigma) is set 
to 0.7. As a mask M, any one of the IP masks ly&nl to lV&n4 and 
the product masks Mdl to Md3 is used. However, the exposure 
5 light Lp is not limited to the foregoing and various 
modifications can be made thereto. For exarrple, g-beam, i- 
beam, ArF excimer laser, or F2 gas laser may be used. 

Light emitted from an exposure light source El 
g transmits thirough a fly eye lens E2, an aperture E3, a 
l%0 condenser lenses E4 and E5, and a mirror E6 to illuminate the 
^ mask M (a reticle in this case) . Among the optical conditions, 
the coherency is controlled by adjusting the size of the 
H aperture E3. A pellicle PE is provided on the mask M so as to 
lU prevent a pattern transfer failure due to adhesion of foreicm 
matters. A mask pattern written on the mask M is projected 
via a projection lens E7 onto the product masks Mdl to Md3 or 
the wafer 5 serving as a process substrate. The mask M is 
placed on a mask stage ElO controlled by mask position control 
means E8 and a mirror E9, and the mask center and the optical 
20 axis of the projection lens E7 are accurately aligned. 

The product masks Mdl to Md3 or the wafer 5 is put on a 
sample stage Ell by vacuum suction. The sample stage Ell is 
mounted on a Z stage E12, which is movable in the vertical 
direction (Z direction) to a substrate placing surface of the 
25 sample stage Ell. Further, the Z stage E12 is mounted on an 
XY stage E13, which is movable in the horizontal direction to 
the substrate placing surface of the sample stage Ell. The Z 
stage E12 and the XY stage E13 are driven by drive means E15 
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and E16, respectively, in response to control commands sent 
from a main control system E14 . Therefore, the sample stage 
Ell can be moved to any desired exposure position. The 
position of the sample stage Ell is correctly monitored by a 
laser measuring device E18 as a position of a mirror E17 fixed 
to the Z stage E13 . Also, the surface position of the product 
masks Mdl to Md3 or the wafer 5 is measured by focus position 
detection means provided in the normal exposure apparatus. 
The Z stage E12 is driven according to the measurement, 
thereby enabling the surface of the wafer 5 to always align 
the image forming surface of the projection lens E7. 

The mask M is driven synchronously with the product 
masks Mdl to Md3 or the wafer 5 depending on the reduction 
rate, and while the exposure region scans on the mask M, the 
mask pattern is reduced and transferred onto the product masks 
Mdl to Md3 or the wafer 5. At this time, the surface position 
of the product masks Mdl to Md3 or the wafer 5 is also driven 
dynamically relative to the scanning of the product masks Mdl 
to Md3 or the wafer 5 by the above-described drive means. 
When the circuit pattern on the mask M is aligned to the 
circuit pattern foinned on the wafer 5 to perform the exposure, 
a position of a mark pattern formed on the wafer 5 is detected 
using an alignment detection optical system and the wafer 5 is 
aligned according to the detection, and then the circuit 
pattern on the mask M is transferred. The main control system 
E14 is electrically connected to a network apparatus, which 
enables the remote monitoring of the state of the exposure 
apparatus EXP. 



According to this eTtibodiment , inprovement in the mask 
accuracy can be achieved. Consequently, the irregularity of 
the pattern can be reduced by about 40%. Thus, the operation 
speed of the chip can be increased, and high value-added 
device chips can be manufactured with low defect rate. Also, 
since the variance in dimensions on the wafer resulting from 
the variance in dimensions of the mask can also be reduced, 
the defect rate in the manufacturing process of a product can 
be reduced to two-thirds. 
(Second Embodiment) 

In this second embodiment, the case where the present 
invention is applied to the method of manufacturing a mixed 
device such as a system LSI will be described. FIG. 11 is a 
general plan view schematically showing a chip 5C, which 
exenplifies the system LSI. Note that circuit regions in FIG. 
11 are hatched so as to distinguish the circuit regions from 
each other. 

The chip 5C is obtained by cutting the chip forming 
region WCA (refer to FIG. 9) of the wafer 5 described in the 
first embodiment. A plurality of circuit regions 10a to lOe 
are arranged in an inner circuit region lA at the center of 
the device surface (main surface) of the chip 5C. In this 
exairple, the circuit region 10a shows a region where DRAM 
(Dynamic Random Access Memory) is formed, the circuit region 
lOb shows a region where SRAM (Static Random Access Memory) is 
formed, the circuit region 10c shows a region where DSP 
(Digital Signal Processor) is formed, the circuit region lOd 
shows a region where a microprocessor is formed, and the 
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circuit region lOe shows a region where a user logic is formed. 
In an outer peripheral region PA of the inner circuit region 
lA, input /output circuits (input circuit, output circuit and 
bidirectional circuit) and a plurality of outer tenninals 11 
5 are arranged. The outer terminal 11 serves as an electrode 
for drawing out an electrode of the integrated circuit formed 
in the inner circuit region lA, and a bonding wire, a bump 
electrode or the like is connected to the outer terminal 11 . 

zszsr. 

J!: IP masks used for manufacturing the mixed device like 

^!:io this are shown in FIG. 12. Each of the IP masks Mm5 to MmS 

m 

4^ shown in FIGS. 12A to 12E is a mask used in the transfer of 
'H circuit regions 10a to lOe of FIG. 11. These IP masks Mm5 to 
M= Mm9 are basically constituted of resist masks similarly to 
py those described in the first embodiment. The specific 
rJL5 structures of the IP masks MrnB to Mm9 are the same as those 
described in the first embodiment with reference to FIGS. 2 to 
5. Therefore, description thereof is omitted. Each of the IP 
masks Mm5 to NImS shown in FIGS. 12A to 12D is hatched in the 
same way as the circuit regions 10a to lOd so as to clarify 
20 that which patterns of the IP masks shown in FIG. 12 is 
transferred onto the circuit regions 10a to lOd on the chip 5c 
of FIG. 11. The IP mask MmS used in the transfer of the 
circuit region lOe for the user logic is not hatched similarly 
to the circuit region lOe shown in FIG. 11, which has the same 
25 meaning as above. 

Next, a product mask manufactured by the use of the IP 
masks MmS to Mnr\9 described above is shown in FIG. 13. In the 
integrated circuit pattern region CA of this product mask Md4, 
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a plurality of pattern transfer regions 12a to 12e are 
arranged. The pattern transfer region 12a has a pattern 
formed by the transfer using the IP mask Mm5 shown in FIG. 12A 
and also has a pattern to be transferred onto the circuit 
region 10a shown in FIG. 11. The pattern transfer region 12b 
has a pattern formed by the transfer using the IP mask Mm6 
shown in FIG. 12B and also has a pattern to be transferred 
onto the circuit region 10b shown in FIG. 11. The pattern 
transfer region 12c has a pattern formed by the transfer using 
the IP mask Mm7 shown in FIG. 12C and also has a pattern to be 
transferred onto the circuit region 10c shown in FIG. 11. The 
pattern transfer region 12d has a pattern formed by the 
transfer using the IP mask Mm8 shown in FIG. 12D and also has 
a pattern to be transferred onto the circuit region lOD shown 
in FIG. 11. The pattern transfer region 12e has a pattern 
formed by the transfer using the IP mask Mm9 shown in FIG. 12E 
and also has a pattern to be transferred onto the circuit 
region lOe shown in FIG. 11. The pattern transferred onto the 
device surface of the wafer 5 using the product mask Md4 is 
schematically shown in FIG, 14. 

Note that the pattern transfer regions 12a to 12e of 
the product mask Md4 in FIG. 13 and the chip forming region 
WCA in FIG. 14 are hatched in the same way as the circuit 
regions 10a to lOd so as to clarify that which patterns of the 
product mask Md4 shown in FIG. 13 is transferred onto the 
circuit regions 10a to lOd of the chip 5c of FIG. 11. The 
pattern transfer region 12e of the product mask Md4 used in 
the transfer of the circuit region lOe for the user logic and 
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the logic circuit region lOe in the chip forming region WCA of 
the wafer 5 are not hatched similarly to the circuit region 
lOe shown in FIG. 11, which has the same meaning as above. 

Next, a concrete example of manufactiiring process of 
the mixed device like this will be described along the flow 
chart of FIG. 15 and by the use of FIGS. 16A to 16E and 17. 
Note that in FIGS. 16A to 16E and 17, the patterns of the 
circuit regions 10a to lOe in FIG. 11 are shown schematically 
as the alphabets D, S, DS, M, and U. Also, in FIGS. 16A to 
16E and 17, the light -shielding patterns made of an organic 
film are hatched with thick lines and the light -shielding 
patterns made of metal are hatched with thin lines so as to 
make the drawings easy to see. 

First, the electron beam resist film is coated on a 
first main surface of a mask substrate, and a pattern is 
written on the resist film by the electron beam writing 
performed thereto. Subsequently, the development is performed 
thereto, thereby manufacturing an IP mask made of a resist 
mask having the light -shielding pattern constituted of an 
organic film such as a resist film (steps 100 and 101) . An 
example of this IP mask is schematically shown in FIG. 16. IP 
masks MmlO to Mml4 show a set of IP masks used to constitute 
the mixed device of FIG. 11. Each of the IP masks MnlO to 
iyiml4 is constituted of a resist mask. The IP masks MmlO to 
Mml4 are masks used in the transfer of the circuit regions lOa 
to lOe of FIG. 11, respectively. The light -shielding pattern 
2 made of the organic film is formed on each of the integrated 
circuit pattern regions of the IP masks MmlO to Mml4. In the 
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case where the normal mask is used as the IP mask, the etching 
step for the metal film is required after performing the 
electron beam writing- However, since the resist mask is used 
as the IP mask in this embodiment, such steps are unnecessary, 
and the IP mask is completed at the completion of the 
development. Here, a case where the light -shielding patterns 
4 (4b and 4c) made of metal are arranged in the peripheral 
regions of the IP masks MmlO to lVftnl4 is exemplified. However, 
the arrangement in the IP masks is not limited to these, and 
IP masks having a structure described in the first embodiment 
using FIGS. 2, 3, and 5 may be used. 

Next, a product mask is manufactured using the set of 
the IP masks MmlO to Mml4, Here, the normal mask is used as 
the product mask. First, a mask siibstrate for use in the 
product mask is prepared. A metal film made of, for example, 
chromium or chromium oxide is deposited on a first main 
surface of this mask substrate, and a resist film is coated 
thereon, Siibsequently, after the mask substrate for use in 
the product mask is set on the sample stage Ell of the 
exposure apparatus EXP, the mask siibstrate is exposed while 
setting the IP masks MmlO to Mml4 in turn on the mask stage 
ElO of the exposure apparatus EXP, and then development is 
performed thereto (step 102) . Thereafter, the existence of 
the dislocation in the connection between the circuit regions 
(between the patterns of the pattern transfer regions) on the 
mask substrate 1 of the product mask is inspected (step 103) . 
As a result of the inspection, if there is the dislocation in 
the connection therebetween, the resist pattern formed by the 
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foregoing development is removed, and the product mask is 
formed again through the resist coating, the exposure, and the 
development as described above. As a result of the inspection, 
if there is no dislocation in the connection therebetween, the 
metal film exposed from an etching mask are etched to be 
removed while using the resist pattern as the etching mask, 
which is formed on the metal film on the mask substrate by the 
exposure using the IP masks MmlO to Mml5, and thus the light- 
shielding pattern made of metal is manufactured (step 104) . 
Consequently, the product mask is completed (step 105) . An 
example of this product mask is schematically shown in PIG. 17. 
A product mask Md5 is constituted of the normal mask, and the 
light -shielding patterns 4 (4b, 4d, and 4e) made of a metal 
film are forrt^d in each of the pattern transfer regions 12a to 
12e in the integrated circuit pattern region CA and in the 
peripheral region. 

Thereafter, the product mask is set on the exposure 
apparatus EXP, and then the resist film on the device surface 
of the wafer is developed. Thus, a plurality of chip forming 
regions are transferred onto the device surface of the wafer. 
Since the following manufacturing process is identical to that 
of a usual semiconductor integrated circuit device, 
description thereof is omitted. 
(Third Embodiment) 

In this third embodiment, a case where the product mask 
is constituted of the resist mask will be described. FIG. 18 
shows an example of manufacturing process in the method of 
manufacturing the mixed device described in the second 



embodiment. Also, FIG. 19 shows an example of a product mask 
Md6. Note that the patterns of the circuit regions 10a to lOe 
of FIG. 11 are shown schematically as alphabets D, S, DS, M, 
and U, respectively. Also, in FIG. 19, the light -shielding 
patterns made of an organic film are hatched with thick lines 
so as to make the drawing easy to see. 

In this embodiment, the steps 100 and 101 shown in FIG. 
18 are performed similarly to the second embodiment, and the 
following process from the step 102a proceeds as follows. 

First, a mask substrate for use in the product mask is 
prepared. A main surface of this mask substrate is not coated 
with a metal film, but coated with, for example, the electron 
beam resist film. Subsequently, after the mask substrate for 
use in the product mask is set on the sample stage Ell of the 
exposure apparatus EXP, the mask substrate is exposed while 
setting the IP masks MmlO to Mt\14 exemplified in FIG. 16 in 
turn on the mask stage ElO of the exposure apparatus EXP, and 
then the development is perfonrmed thereto (step 102a) . In 
this step, the light-shielding pattern made of the resist 
pattern is formed on the mask substrate of the product mask. 
Thereafter, the existence of the dislocation in the connection 
between the circuit regions (between the patterns of the 
pattern transfer regions) on the mask substrate of the product 
mask is inspected (step 103a) . As a result of the inspection, 
if there is the dislocation in the connection therebetween, 
the resist pattern formed by the development is removed, and 
the product mask is formed again through the resist coating, 
the exposure, and the development as described above. As a 



result of the inspection, if there is no dislocation in the 
connection therebetween, the product mask is completed (step 
105a) . After this step, inspection whether or not the defects 
exist in the patterns on the product mask may be performed. 
In such a case, the inspection of the patterns on the product 
mask may be performed in such a manner that the exposure is 
perfoimed to a wafer using the product mask, and the resist 
pattern transferred onto the wafer is inspected. As a result 
of the inspection, if the pattern of the product mask is 
successful, the product mask is actually employed for the 
manufacturing of a semiconductor integrated circuit device, 
and if the pattern is unsuccessful, the light -shielding 
pattern made of an organic film is removed and the product 
mask is formed again. As described above, the pattern of the 
product mask is transferred onto the actual wafer to inspect 
the pattern of the product mask, whereby the inspection 
apparatus dedicated to the product mask becomes unnecessary. 
In addition, an apparatus for correcting the defects becomes 
Tonnecessary. Therefore, the mask cost can be reduced. Also, 
since the actually transferred pattern is inspected, the 
reliability of the inspection result is high. Accordingly, it 
is possible to provide a semiconductor integrated circuit 
device having high reliability. Also, owing to the high 
reliability of the inspection result, the occurrence of the 
case that the inspection must be performed again can be 
reduced. Thus, the reduction of the manufacturing time of the 
mask can be achieved. Note that such inspection techniques as 
described above are disclosed in Japanese Patent Application 



No. 2000-316965 (filed on October 17, 2000) by the inventors 
of this application. 

An example of this product mask is schematically shov/n 
in FIG. 19. A product mask Md6 is constituted of the resist 
mask, and the light -shielding patterns 2 (2c, 2e, and 2f) made 
of the organic film are formed in each of the pattern transfer 
regions 12a to 12e in the integrated circuit pattern region CA 
and in the peripheral region. In this case, since the step 
for etching the metal is completely unnecessary both in the 
manufacturing process of the IP mask and the manufacturing 
process of the product mask, a development period and a 
manufacturing time of the mixed device can be further reduced. 
Also, as described above, the dimensional precision of the 
pattern can be further improved. Furthermore, since mask cost 
can be reduced more than the case described in the first 
embodiment, the cost of the mixed device can be greatly 
reduced. The product mask is not limited to the example shown 
in FIG. 19, and for example, the product mask Md3 exemplified 
in FIG. 8 is also applicable. 
(Fourth Embodiment) 

In this embodiment, the case where only the 
predetermined IP masks among the set of the IP masks are the 
resist masks will be described. In this case, the IP masks to 
be used several times are metal masks, and the IP masks to be 
used only once or not more than a few times are resist masks, 
which are used for the transfer of, for example, a user logic 
section whose pattern are modified frequently. By doing so, 
the set of the IP masks can be manufactured efficiently. 
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Therefore, the manufacturing time of the IP mask can be 
reduced, which makes it possible to deal with the prorrpt 
delivery of the semiconductor integrated circuit device. In 
addition, the cost of the set of the IP mask is reduced. 

FIG. 20 shows an example of the manufacturing process 
of the mixed device of FIG. 11. FIGS. 21 to 23 show an 
example of a set of the IP masks MrnlB to Mml9. Note that in 
FIGS. 21 to 23, the patterns of the circuit regions 10a to lOe 
of FIG. 11 are shown schematically as the alphabets D, S, DS, 
M, and U, respectively. Also, in FIGS. 21 to 23, the light- 
shielding patterns made of an organic film are hatched with 
thick lines and the light -shielding patterns made of metal are 
hatched with thin lines so as to make the drawings easy to see. 

First, the predetermined IP masks among the set of the 
IP masks are manufactured using the resist masks similarly to 
the second and third embodiments (steps 100a and 101a) . On 
the other hand, the other predetermined IP masks among the set 
of the IP masks are manufactured using the norroal masks. Here, 
the IP masks are manufactured according to the same 
manufacturing method as that of the normal masks. 
Specifically, after coating the electron beam resist film on a 
metal film of a mask substrate, a pattern is written thereon 
by the electron beam writing. Suibsequently, the development is 
performed thereto to form the resist pattern. Thereafter, the 
lower metal film is patterned using the resist pattern as an 
etching mask. As described above, the IP mask constituted of 
the normal mask is manufactured (steps 100b, 101b, and 101c) . 

An example of the set of the IP masks manufactured as 



described above is shown in FIG. 21. The IP masks Mml5 to 
Mml8 are normal masks. The IP masks IV&n 15 to Mml8 are used to 
transfer the pattern of the circuit regions 10a to lOd of FIG. 
11 onto the product mask, respectively. The light-shielding 
patterns 4 (4f) made of, for example, a metal film such as 
chromium and chromium oxide are formed on each of the IP masks 
Mml5 to Mml8. 

On the other hand, the IP mask Mml9 is the resist mask. 
This IP mask Mml9 is used to transfer the pattern of the 
circuit region lOe of FIG. 11 onto the product mask. 
Specifically, the IP mask Mml9 is used in the transfer of the 
pattern of the user logic circuit section. In this embodiment, 
a type of the resist mask structure described in FIG. 4 of the 
first embodiment has been exemplified. However, it is not 
limited to this, and the type of the resist mask structures 
described in FIGS. 2, 3, and 5 may also be employed. 

A state where the light -shielding pattern 2 (2a) of the 
IP mask Mml9 is removed is shown in FIG. 22. In the case of 
modifying the pattern of the IP mask Mml9, the electron beam 
resist film is coated on the first main surface of the mask 
substrate 1 of FIG. 22E, and the electron beam writing is 
performed thereto to write a pattern, thereby a new light- 
shielding pattern 2 (2a) made of the organic film is formed as 
shown in FIG. 23, thus manufacturing an IP mask Mm20. 
Consequently, it becomes possible to deal with the pattern 
modification of the user flexibly and in a short time, and 
also the prompt delivery of products is achieved. 
Specifically, it becomes possible to provide various kinds of 



different products in a short time. Since it is also possible 
to deal with the pattern modifications for the experiment of 
electric properties flexibly and in a short time, a 
development period of the product can be reduced. 

After preparing the set of the IP masks Mml5 to Mml9 as 
described above, the product mask is manufactured using them. 
Since the manufacturing process of this product mask is the 
same as that described in the third embodiment, the 
description thereof is omitted. 
(Fifth Embodiment) 

In this fifth embodiment, the case where a part of the 
product mask is modified will be described, FIG. 24 shows a 
concrete example of the manufacturing process according to the 
method of manufacturing the mixed device of FIG. 11. 

First, as shown in FIG. 24, a set of IP masks are 
manufactured similarly to the second to fourth embodiments. 
The IP masks in this embodiment may be noirmal masks, resist 
masks, or the combination of the normal mask and the resist 
mask (step 200) . Subsequently, the mask substrate for use in 
the product mask is set on the sample stage Ell of the 
exposure apparatus EXP. On this mask substrate, for example, 
the metal film similar to that described in FIG. 4 is 
deposited, and the resist film is coated thereon. Then, the 
mask substrate is exposed while setting the IP masks in turn 
on the mask stage ElO of the exposure apparatus EXP, thereby 
transferring the patterns of the IP masks onto the resist film 
of the mask substrate of the product mask. Then, the 
development is performed (step 201) . Thereafter, the resist 
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pattern formed on the mask siabstrate for use in the product 
mask is inspected. At this time, the existence of the 
dislocation in connection between the pattern transfer regions 
of the product mask is inspected (step 202) . As a result of 
5 the inspection, if there is the dislocation in the connection 
therebetween, the product mask is manufactured again. On the 
other hand, if there is no dislocation inspected, the lower 
metal film is patterned by the etching method using the resist 
p pattern as an etching mask, thus manufacturing an intexmediate 
jllo master mask (steps 203 and 204) . 

An example of this intermediate master mask is shown in 
Cj 25. This intermediate master mask Mda is not conpleted 

I4. product mask, that is, an incomplete mask. In the 

pattern transfer regions 12a to 12d of the intermediate master 
-vlLS mask Mda, the light -shielding pattern 4 (4d) made of, for 
1^^ example, a metal film is formed. However, in the pattern 
transfer region 12e used in the transfer of the pattern in the 
circuit region of the user logic circuit section, no light- 
shielding pattern is formed. Note that the patterns of the 
20 circuit regions 10a to lOd of FIG. 11 are schematically shown 
as the alphabets D, S, DS, and M in FIG. 25, In addition, the 
light -shielding patterns made of a metal film are hatched with 
the thin lines so as to make the drawing easy to see. 

Subsequently, after coating the electron beam resist 
25 film on a first main surface of a mask substrate 1 of the 
intermediate master mask Mda, this mask substrate 1 is set on 
the sample stage Ell of the exposure apparatus EXP, and the IP 
mask used in the transfer of the pattern onto the circuit 
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region lOe shown in FIG. 11 is set on the mask stage ElO. In 
this state, e3q)osure and development are successively 
performed thereto (step 205) . As described above, with 
respect to the resist pattern fozTtied on the mask s-ubstrate 1 
of the intermediate master mask Mda, the existence of the 
dislocation in connection between the pattern transfer regions 
is inspected (step 206) . As a result of the inspection, if 
there is the dislocation in the connection therebetween, the 
product mask is formed again. On the other hand, if there is 
no dislocation in the connection therebetween, a product mask 
having the resist pattern as the light -shielding pattern is 
manufactured (step 207) . 

An example of the product mask is shown in FIG. 26. For 
exanple, the light -shielding pattern 2 (2e) made of the 
organic film is formed in the pattern transfer region 12e of 
this product mask Md7. Specifically, in the product mask Md7 
of this embodiment, both of the light -shielding pattern 4 (4d) 
made of metal and the light -shielding pattern 2 (2e) made of 
an organic film are arranged in the integrated circuit pattern 
region CA of the first main surface of the same mask substrate 
1. In FIG. 26, the patterns of the circuit regions 10a to lOe 
of FIG. 11 are shown schematically as alphabets D, S, DS, M, 
and U, respectively. Also, in FIG. 26, the light -shielding 
patterns made of a metal film are hatched with thin lines and 
the light -shielding patterns made of an organic film are 
hatched with thick lines so as to make the drawings easy to 
see. Also, the technique of the partial resist mask is 
disclosed in the Japanese Patent Applications No. 2000-206728 
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and No. 2000-206729 (both filed on July 7, 2000) by the 
inventors of this application. 

Next, a method of modifying the patterns of the product 
mask as described above will be described. FIG. 27 shows an 
example of the process of the modification method. In case of 
modifying the patterns of, for example, the user logic circuit 
section, firstly, the light -shielding pattern 2 (2e) made of 
an organic film in the pattern transfer region 12e of the 
product mask Md7 is removed to wash the product mask Md7 (step 
300) . Thus, the product mask Md7 returns to the intermediate 
master mask Mda shown in FIG. 25 (step 301) . Thereafter, as 
shown in FIG. 28, through the steps identical to those 
described in FIG. 24, a new light- shielding pattern 2 (2e) 
made of an organic film having a circuit structure, which is 
different from that of the light -shielding pattern 2 (2e) 
formed in the pattern transfer region 12e of the old product 
mask Md7 shown in FIG. 26, is formed in the pattern transfer 
region 12 e of the product mask Md8 used in the transfer of the 
user logic circuit section. As described above, it becomes 
possible to manufacture the mixed devices having different 
circuit structures in a short time. The above-described 
method of manufacturing the product mask is also suitable to 
the case of providing the mixed devices of the same type but 
having a little different electrical properties in series. 
The method of manufacturing the product mask like this is also 
suitable to the case where mixed devices having various 
electrical properties for use in experiments are manufactured 
so as to select the optimum one among such electrical 
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properties during the development of such devices. This is 
because the large amount of data can be obtained in a short 
time. 

(Sixth Embodiment) 

In this embodiment, the case where the present 
invention is applied to, for exanple, DRAM will be exemplified. 
An example of the DRAM is shown in FIG. 29. 

A plurality of memory mats 15 are regularly arranged in 
an inner circuit region lA positioned at the center of the 
chip 5C. A plurality of memory cells each having, for exartple, 
one MISFET (Metal Insulator Semiconductor Field Effect 
Transistor) and one capacitor are regularly arranged in each 
of the memory mats 15. Each of the memory cells is arranged 
in the vicinity of the intersection point between a word line 
and a data line laid so as to cross the word line. In 
addition, peripheral circuit regions 16a and 16b are arranged 
in the vicinity of each of the memory mats 15. Various 
peripheral circuits such as a decoder circuit, a sense 
amplifier circuit, and a driver circuit are arranged in the 
peripheral circuit regions 16a and 16b. Moreover, a plurality 
of outer terminals 11 are arranged in an outer peripheral 
areas near the shorter sides of the inner circuit region lA. 

Next, an exatrple of the IP mask in this embodiment will 
be described. In this embodiment, an IP mask (first IP mask) 
used in the transfer of the pattern of the memory mat 15 and 
an IP mask (second IP mask) used in the transfer of the 
pattern of the peripheral circuit region are prepared. FIG. 
30 shows an example thereof. FIGS. 3 OA to 30C show an IP mask 



Mm20 used in the transfer of the pattern of the memory mat 15, 
an IP mask Mm21 used in the transfer of the pattern of the 
peripheral circuit region 16a, and an IP mask Mm22 used in the 
transfer of the pattern of the peripheral circuit region 16b, 
respectively. 

The IP masks Mm20 to Mm22 are constituted of the resist 
masks. Here, though the resist mask structure shown in FIG. 4 
is described, the structure is not limited to this and various 
modifications and alterations can be made thereto. The resist 
mask structure exemplified in FIGS. 2, 3, and 5 can be applied. 
In addition, one or two of the IP masks Jy[m20 to Mm22 may be 
the resist mask, and other IP masks may be the normal masks. 

In this example, one IP mask Mm20 is provided with one 
region for the transfer of the memory mat. However, the IP 
mask is not limited to this, and a plurality of regions (block 
unit or chip unit) for the transfer of the patterns onto the 
memory mats may be provided on one IP mask Mm20. 

A product mask is manufactured using the IP masks Mm20 
to Mm22 as described above. The manufacturing method thereof 
is identical to that of the first to fifth embodiments. 
Therefore, description thereof is omitted. A state of the 
product mask in which patterns thereof are formed by the 
transfer using the IP mask Mm20 only is shown in FIG. 31. 
Pattern transfer regions 12m are the regions used in the 
transfer of the pattern of the memory mat 15 shown in FIG. 29. 
Also, an example of the product mask manufactured using the IP 
masks Mm20 to Mm22 is shown in FIG. 32. Pattern transfer 
regions 12pl and 12p2 of the product mask Md9 are the regions 



used in the transfer of the patterns of the peripheral circuit 
regions 16a and 16b shown in FIG. 29. The product mask Md9 
may have a resist mask structure and a normal mask structure. 
In the case of the resist mask structure, the advantages the 
same as those of the first to fifth embodiments can be 
obtained. Especially, the manufacturing time of the mask can 
be reduced. Also, the mask cost can be reduced. On the other 
hand, with respect to the memory products such as DRAM, since 
mass production can be expected and the product mask Md9 is 
used several times, the increase of the mask cost can be 
canceled out. Therefore, the increase of the mask cost can be 
avoided even if the product mask Md9 is the noinnal mask. Also, 
in the case where the product mask Md9 is used several times, 
it is preferable that the product mask Md9 is the nonnnal mask 
because a certain amount of durability (light resistance and 
mechanical resistance) is required. 

In the foregoing, the invention made by the inventors 
of the present invention has been concretely described based 
on the embodiments. However, it is needless to say that the 
present invention is not limited to the foregoing embodiments 
and various modifications and alterations can be made without 
departing from the scope of the present invention. 

For example, after forming the light -shielding pattern 
made of an organic film by the development, a so-called 
hardening treatment such as heat treatment and irradiation of 
the intense ultraviolet rays in advance may be performed to 
the resist film with the aim to improve the resistance to the 
exposure light irradiation. 



Also, in the foregoing first to sixth enibodiments , the 
case where the pattern made of an organic film on the mask 
substrate is used as the light -shielding pattern has been 
described. However, the present invention is not limited to 
this. Specifically, the pattern made of an organic film can 
be used as a light -reducing pattern or a halftone pattern. 

Also, in the sixth embodiment, the case where the 
present invention is applied to the method of manufacturing 
DRAM has been described. However, the present invention is 
not limited to this. For exarrple, the present invention can 
be applied to the methods of manufacturing other memories such 
as SRAM, mask ROM, and flash memory (EEPROM) . Also in these 
cases, the memory mat and the peripheral circuit region are 
e3q)osed using different IP masks as described in the sixth 
embodiment • 

In the foregoing description, description has been made 
mainly to the case where the present invention made by the 
inventors thereof is applied to the method of manufacturing a 
semiconductor integrated circuit device, which is an 
application field of the present invention and is a background 
of the same. However, the present invention is not limited to 
this and the present invention can be applied to, for example, 
the methods of manufacturing a liquid crystal panel, a disk 
array, or a micro machine. 

The advantages achieved by the typical ones of the 
inventions disclosed in this application will be briefly 
described as follows. 

(1) According to the present invention, since a resist mask 
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is used as a first mask, etching process in the patterning 
step of the mask pattern of the first mask becomes \mnecessary. 
Therefore, it is possible to reduce the manufacturing time of 
a mask. 

(2) According to the present invention, since a resist mask 
is used as a first mask, etching process in the patterning 
step of the mask pattern becomes unnecessary. Therefore, it 
is possible to reduce the manufacturing time of a mask. Thus, 
the manufacturing time of a semiconductor integrated circuit 
device can be reduced. 

(3) According to the present invention, since a resist mask 
is used as a first mask, etching process in the patterning 
step of the mask pattern becomes unnecessary. Therefore, the 
cost of the mask can be reduced. 

(4) According to the present invention, since a resist mask 
is used as a first mask, it becomes possible to reduce the 
cost of the mask. Therefore, the cost of the semiconductor 
integrated circuit device can be reduced. 
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FIG. 1 

Polyvinyl phenol resin 
Novolak resin 
Transmittance 
5 Wavelength 



FIG. 11 
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QlO FIG. 13 

Ifl Microprocessor IP 
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FIG. 15 

100: Pattern of IP mask is written and developed to form 
15 resist pattern. 
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101: IP resist master mask is completed. 

101: IP-master mask 

102: Product mask is exposed and developed. 

103 : Whether or not pattern transfer regions are dislocated 
20 from each other? 

reproduction 
104: Metal film of product mask is etched. 
105: Product mask is completed. 



25 FIG. 18 

100: Pattern of IP mask is written and developed to form 
resist pattern. 

101: IP resist master mask is conpleted. 
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101: IP-master mask 

102a: Product mask is exposed and developed. 

103a: Whether or not pattern transfer regions are dislocated 
from each other? 

reproduction 
105a: Product resist mask is completed. 

FIG. 20 

100a: Pattern of IP mask is written and developed to foma 
resist pattern. 

100b: Pattern of IP mask is written and developed to form 
resist pattern. 

101a: IP resist master mask is completed. 
101b: Metal film of IP mask is etched. 
101: IP-master mask 
101c: IP master mask is completed, 

101c : IP master mask 

102a: Product mask is exposed and developed. 

103a: Whether or not pattern transfer regions are dislocated 
from each other? 

reproduc t ion 
105a: Product resist mask is completed. 

FIG. 24 

200: IP master mask 

201: Intermediate master mask is exposed and developed. 

202: Whether or not pattern transfer regions are dislocated 

from each other? 



reproduc t ion 

203: Metal mask of intermediate master mask is etched. 

204: Intermediate master mask is completed. 

205: IP master mask is exposed and developed. 

206: Whether or not pattern transfer regions are dislocated 

from each other? 

reproduction 
207: Product partial resist mask is completed. 

FIG. 27 

Old product mask 
300: Resist is removed and washed. 
301: Intermediate master mask is restored. 
205: IP master mask is exposed and developed. 
206: Whether or not pattern transfer regions are dislocated 
from each other? 

reproduct ion 
207: Product partial resist mask is completed. 



